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holding the carriage steady when firing. The following 
are the chief particulars of the :37-Illillimeter gun: 

Caliber............. .......... 1'457 in. 
Length over all (without shoulder-

piece) ....... .............. . 

Rifling (uniform) 12 grooves ..... . 

Weight of gun .................. . 
Weight of shell .. " ..... . ...... . 
Burster in "ommon shell, about .. " steel shell, about 
Weight of cartridge complete 
Length " " .... 
Weight of powder charge (smoke-

less). . . . . . . . . . . . . . . . . ...... ... . 

Muzzle velocity . . .. . ......... . .. . 

73'75 in. 
1 turn in 30 

calibers. 
416 lb. 

lIb. 
340 grains. 
200 grains. 

1·45Ib. 
6'566 in. 

1 oz. 110 gr. 
1800 ft. sec. 

Mountings adapted for the different services for 
which the gun is used have been designed. In some of 
them the T-piece, or other attachment of the gun, 
works in a socket in the mounting; in others it is 
cylindrical and slides over a pivot on the mount
ing. In either case the gun is capable of moving 
freely in a horizontal plane, but, of course, can be 
clamped in any position. In Figs. 2 and 3 are shown the 
37-millimeter gun on a disappearing mounting, the 
latter engraving showing the gun in firing position, 
while the former illustrates the gun housed behind a 
full-sized model of a ship's bulwark. The weight of 
the disappearing mounting is 15 cwt. 1 qr. 22 lb., which 
brings the weight of gun and mounting to close on 19 
cwt. To lower from the firing to the housing position, 
the shield is first folded down, and the gun is then 
turned to the right parallel with the bulwark. The 
gun is then lowered by means of the double handle 
shown, which, by means of worm gearing, rotates 
the toothed pinion which engages with the teeth on 
the horizontal rack. This extends the rear leg of the 
tripod, the two front legs being free to move on the pin 
joints. A bolt goes through the hole in the rack 
frame to lock the gun in the firing position, but firinO' 
can be carried on without this being in place, and 
with the gun in any position. In the horizontal lower 
cylinder, shown clearly in Fig. 3, is a powerful spiral 
spring, which is compressed by the action of lowering, 
and, by its reaction, assists in the raising of the gun. 
This mounting is chiefly used for fortifications, al
though it is here illustrated in connection with marine 
work. 

The naval landing carriage and limber for the 37 
milimeter gun, before referred to, are shown in Fig. 4. 
The former engraving illustrates the carriage attached 
to a limber ready for traveling. Four horses would be 
required for fast traveling, as the total weight would be 
nearly 24 cwt. This is made up as follows: 

Gun . . . . . . . . . . . . • .. . . . . . . . . . . . . .  

Carriage ... .................... . 
Limber, with boxes ....... ...... . 
300 rounds of ammunition ....... . 

Owt. Qrs. 
3 2 
6 3 
9 0 
4 0 

Total .. . . .. . .. . . . _ . . .. . . .. . 23 3 

Lb. 

24 
12 
22 

o 
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THE DE'rERRENT INFLUENCE OP MODERN 
ARMS.* 

By Gen. O. O. HOWARD, United States Army (retired). 
THE French are carefully watching the German im

provements, but they seem in some things to be in 
the lead. Their ReyfIe gun was a bronze breech-load
er, and served a temporary purpose about the close of 
their war with Germany and for a considerable time 
�fterward. Then followed the" Bange" gun, a suggest
Ive name if we take Mark Twain's pronunciation: it 
was a steel breech-loading piece, and had remarkable 
precision of fire, especially for the ranges of seventy
five hundred yards and less. The piece could easily 
reach six miles with its projectile by sufficient eleva
tion. Of course clumps of houses, large public build
ings, groves of trees or large bodies of troops could be 
brought under fire at distances of six miles and under. 
These pieces have had the usual fuse arrangement 
so that their shells could be exploded in the air at any 
chosen distances within their known effective range. 
If they struck against any wall or hard substance, 
even before the tlm� of the fuse had expired, there 
would be an explOSIOn. Re membering that a shell is 
filled with a hundred or a hundred and fifty small 
balls, one can conceive of the murderous effect of a 
single missile bursting in the air just in advance of a 
body of cavalry. Besides the ordinary shell, this can
non fires another sort filled with melinite ; the accom
panying powder charge gives the shell an extraordin
ary velocity, and favors what we call an enfilading 
fi�e, where the projectile, instead of making a high 
flIght, pursues its course near the ground, touching 
here and there so as to break up a line or a column of 
troops in its course. 

The French have under consideration, perhaps by 
this time have adopted, a new cannon called the new 
camp�ign gun. This will be remarkable for rapidity 
of finng, and the makers have somehow obviated as 
never before the delay usually occasioned by the recoil 
of a gun. "In pointing. instead of being obliged after 
each shot to bring the gun back to its position, the 
gunners need not move, because the recoil is completely 
suppressed." It is a wonderful discovery, even in these 
progressive times. 
. Our little army is not behindhand in anything touch
mg the Illodern gnus for seacoast or field defense. Of 
our own cannon we have already noted the Hotchkiss 
3-inch gun for field artillery. We have also the 3'6-
inc.h model of 1891, wJ;Iich weighs 1,181 pounds, the 
weIght of the charge bemg little over four pounds of 
powder and the weight of the projectile 20 pounds. 
Its muzzle velocity is 1.550" foot seconds," i. e., 1,550 
feet made by the projectile in one second of time on 
leaving the muzzle of the piece. 

There are two other models for field artillery, one 
3'� inches caliber, of 1885, and the other 3'2 inches of 
1890. The weight of the projectile for these two is 4� 
pounds less than that for the model of 1891, and the 
weight of the pieces is considerably less. 

OUI' siege guns and seacoast artillery with heavy 
guns of caliber 8 inches, 10 inches and 12 inches, and 
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one mortar for the field, for the siege and for the sea
coast, ranging in caliber from 6'6 inches to 12 inches, 
have kept pace with the corresponding weapons of 
other nations. They have done so in range, in appli
ances such as wagons and carriages in all the mate
rial, in rifling and in attaining rapidity of fire. We 
have also all the improved sorts of powder, and our 
experiments, both in the army and navy, are kept to 
the requirements of the times. By study, industry 
and inventive genius, our ordnance and artillery offi
cers have made surprising advancement and secured 
the respect of intelligent observers the world over. 

Our great need, however, is the appreciation and 
action of Congress. I see that our National Guard 
are about to receive the modern arms. That is what 
in my judgment, should have been done by congres: 
sional provision long ago. Perhaps it is not so im
portant that they should be always in the hands of 
the men, but they should be in store for prompt dis
tribution when the time of need comes. 

Complicated, breech-loading artillery cannot be 
avoided, and requires intelligent artiilerymen, and 
men of some training and experience in their profes
sion. Therefore, so far as artillery manning IS con
cerned, a few batteries cannot be too soon organized 
having in possession our latest models of field guns. 

' 
Among automatic pieces, the 1\Iaxim automatic ma

chine gun at times may be made available for resisting 
a charge or repelling an assault. It will deliver 650 
shots per minute with a moderate range of one or two 
miles, and all this without requiring anything but its 
own support. The Gatling gun, too, a wonderful 
machine, has gained in rapid firing. It can to-day 
easily give 800 discharges each minute, and certainly 
no officer would risk an attacking column in the direct 
face of such guns. The only way to meet them would 
be by using those who have been considering guns of 
longer range and have power enough to break the 
assailants' cover and annihilate guns and gunners 
together. Such war is cruelty magnified. There is no 
opportunity for gallant conduct or any other bravery 
than that which faces the almost absolute certainty of 
death. 

Touching the subject of powder, a public writer de
clares we could not fire all the guns of the navy at 
once, owing to lack of powder. I find that there are 
48 United States naval vessels in commission at this 
hour, and they have of all kinds 429 pieces of artillery 
on board, ·varying from 4 to 20 guns. These cannon 
are of the best available model. and, as always in our 
navy, in prime order. The weights of the charges of 
powder vary from 2 pounds to 800 pounds. Of course 
the weight of the charge varies with the weight of the 
projectile. Our largest naval gun is the 13-inch breech
loader. Suppose we make an average of 30 pounds to 
the piece. This, which is large enough for an example, 
will give for a single discharge of all the pieces 12,870 
pounds. 

Turning to the inspection of the Du Pont Powder 
Works, we notice that they contracted to deliver 
148,200 pounds brown prismatic powder for our 10-inch 
and 12-inch steel breech-loading rifles. This is eleven 
times more pounds of powder than above stated. That 
contract was filled. In 1893 they furnished 40,000 
pounds for our breech-loading mortars, and again in 
1894, 75,000 for our rifle cannon. If a single fi r m  could 
furnish so much, think of what the several firms work
ing in all the large cities of our land could do. The 
enterprise of our manufacturers is tremendous, and we 
need have no fear of a lack of ample supply. The 
supply will meet the demand. 

I notice that seven or eight different kinds of smoke
less powder are submitted to the proving officers for 
acceptance or rejection. 

It would be hard to estimate the cost of a single 
discharge of one of our large seacoast guns. We notice 
that at the proving ground the 8-inch breech· loading 
steel rifle cannon takes 125 pounds of powder per dis
charge, throwing a projectile weighing 300 pounds. 
This gives an initial velocity of about 2, 000 feet per 
second at the muzzle on discharge. If you ascertain 
the price of powder and projectile, you have the cost 
approximately of one discharge. I estimate that on 
the average at about $36.25. The 10-inch cannon in 
proving has gone as high as 245 pounds of powder for 
a projectile of 575 pounds weight. The 12-inch's high
est charge is 450 pounds of powder; projectile, 1 , 000 
pounds weight. The 12-inch breech-loading mortar, 
steel, requires 105 pounds of powder; projectile, 800 
pounds weight. 

A correspondent asks: "How long would it take 
the German field artillery, that is, with six guns each 
battery, firing 60 shots a minute, to mow down its 
belligerent opponents five miles distant? " 

Of course there are too many contingencies to ren
der any satisfactory answer po.ssible to so sweeping 
a question. There is no conceivable arrangement by 
which the opponents of Germany could be so met. 
Even the French with all their vigIlance do not know 
the num bel' of German batteries available for active 
work. The unevenness of the ground, the hills, val
leys and mountains would be the best protection to a 
French army invading Germany. If we consider on 
war footing the two armies-French and German-of 
the same size with about the same distribution in each 
of the different arms of the service, I should think that 
the French army would have some advantage over 
the German in an attack, from the character of the 
French people; for their elan under good leadership 
cannot be excelled. Doubtless, as in the last war 
the Germans would not remain long on the defensive ; 
but if they should, relying wholly upon the destructive
ness of their artillery for defeating the French, they 
would make a mistake. While war is now tremend
ously costly, it must be shorter than ever. The cost in 
life and in material may be reckoned, as in times past 
according to the length of the war and the forces en: 
gaged. If a war of five years with 100.000 men on a 
side a century ago cost $50,000,000 for each of the belli
gerents, a war of three months to-day between the 
same nations and with the same number of men using 
modern arms would come up to $50,000,000. It iR, 
however, foolish to attempt comparisons or estimates. 
Now should the United States go to war, even before 
we made a fair commencement, we might have ten 
cities destroyed by a foreign navy, and so suffer un
told losses. 'I'he safest possible measure against fire is 
to h,ave a good fire department. The safest thought 
agamst the greed or anger of any foreign adyersary is 
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to be thoroughly prepared at all times. The German 
preparation, now probably superior to that of any 
other nation, will serve to prevent aggression and 
preserve the peace. Our preparation, of course, need 
not be so extensive, but it :;hould be reasonable and 
intelligent. 

What I say with reference to war and its destruc
tiveness, increased more than tenfold within the last 
quarter of a century, as just illustrated on the borders 
of Greece, does not touch the moral question of war 
itself as a method of settling the difficulties between 
nations; but its enormous cost and sure losses of life 
do suggest a more sensible method of procedure, and 
a better. However, it is plain enough that it. would 
not do to trust our cities to anarchists, nor ultimatelv 
our liberties to the lover of monarchical establish
ments. I have a feeling that if we do our best, keep 
well prepared, and do not remit our trust in and duty 
to the Almighty, he will spare us many years as a re
pu blic to bless our people and, indeed, the nations of 
the earth. 

We cannot repeat too often to ourselves the Scrip
ture which is the West Point cadets' motto, viz.: 
., Righteousness exalteth a nation, but sin is a re
proach to any people." 

Burlington, Vt. 
====== 

TEST OF FIGHTING AT SEA BY 
M ACHINERY. 

AN interesting article on modern naval battles has 
recently been published by Mr. A. K. Fiske in The New 
York Times. 

All the world will watch intently for a great naval 
battle, because the machinery for fighting upon the 
sea, which has been devised and developed in the last 
thirty years, has never been put to a serious test. The 
iron steamship was the product of a period of our civil 
war, and the armorclad war vessel, with its terrible 
armaments, is a later outgrowth, which had its germ 
in the Ericsson monitor. 

First the new warship waR an .. ironclad," and as
sumed unwieldy proportions. The British" Inflexible," 
which was launched in 1870, carried a belt twenty-four 
inches thick, and the huge hattleships of Italy of a 
little later date were protected with twenty-two inches 
of iron armor. That was also the day of guns of enor
mous weight and huge caliber-l00 tons and sixteen 
inches or more. With heavy charges of coarse powder 
these monstrous engines hurled solid shot or the old 
spherical shell from their smooth-bore throats down 
which the charge had first been crammed. The first 
notable change was in the lightening and hardening of 
the armor plate by giving it a steel face. Then the 
cheapening of steel by the Bessemer process of manu
facture led to its adoption as the sole material for 
armor belts, and the Harvey process and the K rupp 
gas process came to give its surface a hardness and 
toughness never before attained 

This improvement in armor plate, giving better pro
tection with diminished weight. accompanied by new 
inventions in boilers and engines, made possible a 
much higher speed and greater facility in handling 
vessels of vast size. Out of this advance in the con
struction of ships came the fast cruiser, armored almost 
as effectively as the battleship, but not so heavily 
armed. Had the progress been only in means of pro
�ection, the warships would have become practically 
mvulnerable to each other's weapons; But while inge
n uity was expended upon armor plates and propelling 
machinery, the armament was not neglected. 

The cast iron gun with its smooth bore, loading at 
the muzzle, became a thin/!, of the past. Cheapened 
steel became the chief material of naval ordnance, first 
as a core within a jacket of wrought iron and finally 
as the entire body of the deadly tube. The problem 
was a distribution of the strain throughout the sub
stance of the gun to avoid bursting from the heavy 
charges used, and forged steel effected this best. But 
the strain did not come alone from the explosion of 
heavy charges of powder ; the explosives themselves 
were greatly increased in power. The dominating pur
pose was to give velocity and force to the projectile, 
and this necessitated the utmost strength in the gun. 
The tremendous force of the explosive and the terrible 
velocity of the shot through the rifled bore made 
length of gun a necessity, and this compelled the 
breech-loading devices which ingenuity did not fail to 
provide. N or did the progress stop here. The pro
Jectiles shared in the improvement. They became 
elongated in form, tapering to a point, they were mace 
of forged and hardened steel, to escape breaking or 
flattening, and to enable them to perforate armor 
plate, and they carried bursting charges to lend 
destructiveness when they penetrated the enemy's 
armor. 

Year after year the emulation of inventors strove for 
improvement in one factor or another of the great 
problem of naval warfare, while no naval battles took 
place, and each new battleship or cruiser was supposed 
to show some fresh advance. The gun "built up" 
from hoops of steel, and even made of wire, would bear 
the strain of a more powerful explosive or a heavier 
charge, so that the most deadly projectile could be 
hurled with the force to crush the strongest barrier at 
the distance of miles, but around the" vitals" .and the 
armaments of ships was wrapped armor of ever in
creasing power of resistance. Then the insidious enemy 
of armorclads, the ugly and venomous torpedo was 
provided with a craft of its own, capable of accompany
ing fleets upon the ocean and dartmg forth to deal its 
deadly blows. This developed the use of the secondary 
armament of rapid-fire guns of small caliber, using 
"fixed ammunition" for quickness of loading, and of 
machine guns' to hurl their rattling charges at the 
pestilent small craft of the enemy. 

During all this time tests have been almost wholly 
experimental, without the conditions of actual battle. 
Armor plate has been tried in the form of huge targets 
Ret up on shore or on floats, and guns, explosives and 
projectiles have been tried by firing at such targets. 
Force, velocity, resistance, all the scientific and me
chanical factors could thus De gaged under controlla
ble conditions. In peaceful maneu verR, machinery and 
the handling of vessels ana guns, speed, accuracy, dis
t�nce, all the theoretical eleillents, could be put to a 
kmd of test, but, after all, who could t.ell how this vast 
and complicated machinery, handled by men better or 
worse trained, was going to actin the fierce controversy 
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of war until it had an actual trial where all the factors 
would be tested? Nothing of the kind has happened 
since the rivalry began between means of attack and 
means of protection in the fighting machines of the sea, 
out of which the modern fleet has been evolved. 

Now the armor of the battleship is 10 or 12 inches 
thick, instead of 18 to 24, and the heaviest guns rarely 
have a caliber exceeding 12 inches, where once they 
had 16, but the resistance of the armor plate is greater 
than ever before, and the power of the long breech
loading rifle, handled by machinery, is something not 
dreamt of by the last generation. The tubular boilers, 
the forced draught of t.he furnace, the triple expansion 
engines, give speed unattainable in times past, and a 
readier handling of the ship, and electricity adds its 
su btle power to the working of signals and the minor 
devices of the complex machinery of war. '.rhe naval 
battles of the least moment in the last thirty years can 
be counted upon the fingers of one hand, and they 
afforded no test of this machinery. 

In the somewhat famous battle between the navies 
of Chile and Peru in 1879 the" Huascar" was caught be
t ween two fires from the "Blanco Encalada" and the "AI
lllirante Cochrane" and forced to surrender, but what 
were these vessels of the primitive days of armorclads ? 
The" Huascar" was of but 2,100 tons displacement and 
It speed of 11 knots, and the armor plates were but 4 
inches thick Oil her hull and 5� on her gun turrets. 
The two Chilean cruisers had a displacement of only 
3,4g0 tons each and a speed of 13 knots. Their armor 
plate was 9 inches thick on the sides, tapering to 4Yz at 
the ends, while the central battery was surrounded by 
an 8-inch shield. '.rhe heaviest guns in the filZht were 
9-inch muzzle loaders. This was no test of the modern 
fighting machine. 

The British reduction of the forts of Alexandria in 

gaged. China had two rather powerful bar bette ships, 
the" Ting Yuen" and the" Chen Yuen," of 7,330 tons 
each, with 14-inch armor belts and 3·inch protective 
steel decks, and a heavy armament of 12-inch guns. 
"\V"ith these were three much smaller armored ships 
-less than 3,000 tons each-and three still smaller 
cruisers and gunboats and a small flotilla of torpedo 
boats. 

The largest vessels in the Japanese fleet were three 
unarmored cruisers of 4, 277 tons each and their heaviest 
ordnance consisted of 6-inch guns. There were three 
armored vessels with these-one of 3,718 tons with a 
7-inch armor belt and some 9'4-inch guns; one of 2,450 
tons, 4Yz-inch armor belt and no guns over 4'7-inch 
caliber, and the third of 2,200 tons, 4Yz-inch armor and 
small guns only. There were also a van squadron of 
four unarmored vessels, only one of which was of con
siderable size (4,150 tons). This one carried no guns 
over 6-inch caliber, but there were two gunboats, 
each of which had two 10'2-inch guns. The naval 
machinery of the Chinese was superior to thatof Japan, 
but it was ill supplied with ammunition and badly 
handled. Each ship acted independently, while the 
Japanese squadron was directed as a whole and oper
ated with coolness and skill. The Chinese lost five 
vessels out of fourteen, and the Japanese fleet was 
little damaged. To the naval attack upon Port Arthur 
there was little resistance, while at Wei-Hai-Wei there 
was a desperate effort at defense on the part of the 
remnant of the Chinese fleet, but it was hopeless. 
The" Ting Yuen," with two small vessels, was sunk and 
the" Chen Yuen" and six smaller ones were captured. 
The Chinese navy was practically annihilated, and 
yet Japan did not have a single battleship or an 
armored crUIser of the first class nor any of the latest 
naval ordnance and gun appliances. The "havoc was 

light in the lighthouse. Without counting the crew, 
the packet boat carried 117 passengers, of which 30 
were women. Thanks to the coolness and courage of 
the captain and mates, all were saved. The inhabitants 
of the island rendered prompt and efficient aid in suc· 
coring the passengers. The shipwrecked passengers 
received from the residents in Port Mahon the most 
cordial hospitality. The steamer was jammed in be
tween the rocks, and our engraving shows her condition 
the second day after the wreck. By this time she was 
broken in two, just abaft the forecastle deck. We are 
indebted to L'Illustration for our engraving. 

THE ENGINEERING RESEARCH LABORATORY 
IN ITS RELATION '.rO THE PUBLIC.* 

By W. F. M. Goss, Professor of Experimental Engi
neering, Purdue University. 

IN the present era of the world's progress we hear 
much of our" material prosperity" and of the .• devel
opment of our resources." Feeling !'lure that the earth 
was made for man, man is anxious to make his posses· 
sion yield him its best. N or is he contented with what 
his own illlmediate neighborhood can furnish. If 
there is anything in the ends of the earth or m the air 
or in thesea which is capable of making for his advance
ment, he rests not until he has secured it. '1'he business 
of the world, therefore, increases with every hour, and 
its problems multiply. 

In the midst of its hum and hurry, the engineer is a 
prominent figure. It is his province to study the pro
perties of matter and to make them useful to man in 
structures and machines. He deals with the miningand 
red uction of ores, the chemical and physical properties 
of metals, and all the great variety of processes by which 

THE WRECK OF THE "VILLE-DE-ROME" ON THE ROCKS OF MINORCA. 
View taken two days after the disaster. The packet boat is shown broken in two. 

1882 was an equally one-sided and indecisive affair. done with the ordinary shot and shell. Japan had no 
There were practically no harbor defenses in the bay, torpedoe><, and China made no effective use of hers, 
and the forts and shore were comparatively flimsy though three trials were made in the battle of Hai-Yan
and their ordnance was inferior to that of the British Tau. 
fleet, in which the most formidable vessel was the old So the navies of Spain and of the United States, 
.. Inflexible," with her 24 inches of iron armor and her which rank in power far below those of Great Britain 
16-inch guns. It was only a question of opening fire and France, but which contain some of the latest and 
and keeping it up until the place gave way. In the best of armored warships, confront each other for the 
French bombardment of Foo·Chow in 1884 only in- great experiment that may test the fighting lllachinery 
ferior vessels were engaged, and the Chinese resistance 

I 
of modern warfare on the sea. But the adoption of 

was impotent. They had a few torpedoes. but used all these mechanical forces and devices makes a new 
them without effect. The next event worth noting in demand upon the qualities of men. They need as 
naval warfare is the revolt of Admiral Mello against much as ever coolness, courage and endurance, but 
the authority of President Peixoto of Brazil in the har- i.mpetuous dash and fury and the prowess of sheer 
bor of Rio Janeiro, September, 1893. Mello had COIll- physical vigor must give place to mental qualities in
mand of the" Aquidaban," a battleship of 4,950 tons, volving knowledge and aptitude for direeting me
with a compound armor belt (iron faced with steel) 11 chanical forces and skill in handling mechanical ap
inches thick, and a principal armament of 9-inch pliances, with the ready resource oCbrain keyed up 
guns. 'V"ith him were the" Almirante Tamandare," an to energy, but free from blinding passion. The ma
unarmored cruiser of 4,465 tons displacement and light chine is less than the man controlling and directing it, 
armament, some small cruisers and gunboats, and and the revolution in naval warfare will give a vast 
three torpedo boats. The navy faithful to Peixoto advantage to a people trained to mental alertness and 
was inferior and scattered abroad at the time, but clearness and apt in the invention and handling of 
before the conflict was over, in March, 1894, he got to· mechanical devices. 
gether a fleet containing the rather heavily armored ==--------

and armed "Riachuelo" of 5,700 tons, the unarmored 
" Benjamin Constant," 2,750 tons, and several smaller 
vessels. But the contest was for the possession of 
ports and points on shore, and there was no direct en
gagement between the naval forces. 

'.rhe nearest approach to a test of naval fighting ap
pliances came in The battle of the Yalu, or of Hai-Yan
Tau, ill the war between China and Japan, in 1895, 
but how far that came from being a serious test can be 
seen by britllly recalling the events I).nd the forces en· 

THE WRECKING OF THE STEAMER 
"VILLE-DE-ROME" 

THE steamer " Ville-de-Rome," of the Compagnie 
Transatlantique, steaming from Marseilles to Algiers, 
struck upon the rocks and was wrecked at two o'clock 
in the morning of March 22, 1898. The wreck occurred 
at Cape Negro, a IlIlle and a half from Port Mahon, on 
the island of Minorca. This accident is attributed to 
the violent rain, which obscured, a!'l by a curtain, tl](> 
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iron and steel are shaped for purposes of construction; 
with earthwork dams, with systems of municipal piping, 
with steam engines and pumping machinery, with lo
comotives and other railway equipment, with bridges 
and buildings, with ships and harbor improvements
in fact, with structures and machines of every conceiv
able type. 

The engineer is a servant of the people. His inge
nuity and skill are the starting point which leads to 
the employment of all the artisans who fill our shops 
and factories; his work makes possible the peace and 
comfort of household life, the suceess of social affairs 
and the perfection of business methods, and it often 
serves to furnish inspiration for modern thought and 
to give direction to its tendencies. 

The basis of the whole science of engineering, exten· 
sive as it is, is to be found in facts which have either 
been deduced from practical experience or derived frolll 
especially conducted experiments. The early enginee]' 
coula neither lean upon accepted theories nor look to 
precedent for guidance. It, was not what RI"indley 
and Telford and 'Vatt and the two StephenSolls knew, 
but what they did, that helped to inaugurate our pre
sent era of engineering. Since their day, every import· 
ant Rtructure has served a double purpose: first, that 
for which it was especially designed, and, secondly, 
that which regards it as a subject for observation and 
study. Where such structures have been a complete 
success, information concerning them has become a 
matter of record, and the essential facts have been 
given a place in the annals of good engineering prac
tice ; and where structures have failed, the causes IHwe 
been carefully studied, that the fault might be und"l"-

, From Proceedings of the Indiana Academy of :Science, 183:], 
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